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ARTICLE XIX. 



On the Change effected in the Nitrates of Potash and Soda by the limited Appli- 
cation of Heat, with the View of obtaining pure Oxygen, by which they are 
only partially convertible into Hypo-nitrites: also on a Liquid and a gaseous 
ethereal Compound, resulting from the reaction of nascent hypo-nitrous Acid 
with the Elements of Alcohol. By Robert Hare, M. D., Professor of Chemis- 
try in the University of Pennsylvania. Read July 17, 1840. 

It is well known that when either nitrate of potash, or nitrate of soda, is 
subjected to heat, as is usual in the process for obtaining oxygen, the first 
portions of gas extricated are nearly pure. When the fire is carefully regu- 
lated, the residue, after cooling, is a white indurated mass. If this mass be 
dissolved in as much boiling water as its solution requires, a large deposition 
of crystals of nitrate will take place after the resulting liquid becomes cool. 
On boiling down the solution, a further portion of crystals of the same nature 
will be obtained. 

The mother water being evaporated to a certain point, begins to yield crystals 
of hypo-nitrite. Thus the superior solubility of the hypo-nitrites of potash and 
soda renders it practicable to separate either of them from the nitrate having 
the same base. Of course repeated crystallization is requisite to obtain either 
of the salts in question free from the other. It is inexplicable that about a third 
of the salt employed should be reduced to the state of hypo-nitrite, while the 
remainder is not decomposed. It would seem as if there were a reaction be- 
tween the nitrate and hypo-nitrite, which, having co-operated to expel a portion 
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of the contained oxygen, afterwards restrains the evolution of a further portion, 
until the heat is raised to a point capable of effecting such a decomposition as 
to evolve the nitrogen and oxygen in a state of mixture. 

Having, in obtaining large quantities of oxygen, for my experiments in 
fusing platinum, collected a great quantity of the indurated compound of hy- 
po-nitrite and nitrate by the process above mentioned, I was induced to substi- 
tute these salts for nitrate of potash, or nitric acid, in the evolution of the liquid, 
commonly known as nitrous, or nitric ether. When, for this object, nitric acid, 
or, what amounts to the same thing, when a nitrate and sulphuric acid are em- 
ployed, so as to bring free nitric acid into contact with alcohol, there must be 
an excess of two atoms of oxygen for each atom of hypo-nitrous acid which en- 
ters into combination with the elements of the alcohol. 

This causes a wasteful decomposition of a proportionable quantity of the 
last mentioned material, and the generation of some impurities. This view of 
the subject led me to infer that, to obtain pure hypo-nitrous ether with the 
greatest economy of materials, a hypo-nitrite should be employed, with a re- 
agent capable of liberating hypo-nitrous acid, in lieu of a nitrate or nitric acid 
being distilled with alcohol. The result of an experiment made under this im- 
pression justified this inference. By subjecting alcohol, mingled with a con- 
centrated solution of a hypo-nitrite, to diluted sulphuric acid, I obtained an 
ether, which diners from the ether ordinarily known as nitric, or nitrous ether, 
in having a more bland and saccharine taste, milder odour, and greater vola- 
tility. It boils below 65° F., and, by its spontaneous evaporation from the bulb 
of a thermometer, produces a cold of 15° below zero F. Touched with the 
finger, or tongue, it hisses as does water with a red hot iron. 

If, after having boiled for some time, it be allowed to stand for awhile at a 
temperature below its boiling point, the boiling will recommence at a lower 
temperature than that which was indicated by the thermometer when the boil- 
ing ceased. 

This seems to arise from the partial resolution of the ether into an ethereal 
gas; which appears to be formed by the materials by which the liquid ether is 
generated, even when refrigerated below the freezing point. I have collected 
this aeriform ether in large quantities in bells over mercury. When subjected 
to great pressure, it condenses, more or less, into a yellow liquid, which pro- 
duces, when allowed to escape into the mouth or nostrils, the same impression 
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as the liquid ether. I have conjectured that this ether might be a compound 
of the liquid ether with nitric oxide gas, or that it may be isomeric with the 
liquid ether. Notwithstanding many efforts to obtain a liquid ether not re- 
solvable partially into this gas, I have never succeeded. Hence the boiling 
point is extremely variable, as I have seen bubbles escaping below forty de- 
grees, from the liquid ether, when recently condensed after distillation. 

In the production of cold by mixture with solid carbonic acid, Dr. J. K. 
Mitchell found this ether more efficacious than that commonly known as sul- 
phuric ether, more properly called hydric ether. 

When the new ether, as it is first evolved, is distilled from powdered quick- 
lime, this earth imbibes an essential oil, which, with the aid of water, is yielded 
to pure hydric ether. Of course it is easy to remove this solvent by evapora- 
tion or distillation. 

The odour of this oil seems to be an ingredient in that of ordinary nitric 
ether. Possibly the hypo-nitrous ether may resolve itself gradually into this 
oil and the gaseous ether ; so that its boiling point may be probably varied by 
this chemical change. I suspect that the essential oil in question is one of the 
impurities which causes the boiling point of the ether generated by nitric acid 
and alcohol to be higher than the boiling point of that obtained, as in my pro- 
cess, by nascent hypo-nitrous acid. 

When the heat is raised, after the volatile ether ceases to come over from the 
materials above mentioned as producing it, ethereal products are distilled, of 
which the boiling point gradually rises as the process proceeds. Mean while, 
the product thus obtained becomes more and more acrid, till at last it is ren- 
dered insupportable to the tongue, as respects the after taste. On mingling 
these liquids with a solution of green sulphate of iron, the ether is all absorbed; 
but an acrid liquid, which causes the after taste, is not absorbed, and may be 
separated by hydric ether. The ether being vaporized by heat, the acrid li- 
quid remains. The smallest drop of this liquid is productive of an effect upon 
the organs of taste and smell like that of mustard or horse-radish. 

The new ether, when secured in a glass phial, by means of a well ground 
stopper, does not undergo any change by keeping in a cool situation for several 
months. A phial was suspended about fifteen feet below the surface of the 
ground, in a cistern of water, for about five months; another was left in a cool 
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cellar for a longer period, without any apparent change of properties. In this 
case pressure prevented the escape of the ethereal gas as above mentioned. 

When the ingredients for generating the new hypo-nitrous ether are refrige- 
rated below freezing, and left to react, the ether begins to be formed as soon 
as the temperature rises, and if the aggregate be included in a bottle with an 
air-tight stopple, a stratum of ether will soon form and swim upon the surface 
of the mixture. The quantity which can be thus obtained is much less than 
that which ensues from the employment of the same quantity of materials with 
a retort and refrigerated receiver; because the elaboration and condensation re- 
quire a greater difference of temperature than can be imparted, conveniently, 
to the different portions of a bottle, especially where the upper is required to 
be the colder portion. 

In order to obtain a quantity of ether in a summary way, I resorted to this 
process last winter, employing about a gallon of the mixture. After I had de- 
canted the ether which formed in the course of a night, the residue, although 
surrounded by snow, continued to give out the aerial ether for at least a fort- 
night. The gaseous ether seems to be formed in innumerable invisible bub- 
bles throughout the mass, which, on this account, presented the singular phe- 
nomenon of an elastic liquid. On inserting the stopple, the liquid in the neck 
of the bottle would subside in the most striking manner, and on removing the 
stopple, an opposite movement was observable. 

All the ethereal compounds formed by the reaction of the oxacids of nitrogen 
with alcohol appear to be decomposable by green sulphate of iron. Under 
these circumstances, according to Berzelius, a malate of iron is formed from 
common nitric ether. 

Concentrated sulphuric acid absorbs the elements derived from the alcohol, 
and liberates nitric oxide gas, which is, it is well known, rapidly absorbable by 
the green sulphate above mentioned. Let there be three cylindrical glass jars, 
Nos. 1, 2, and 3, of such a ratio to each other, in size, as to allow two inter- 
stices of about half an inch between the second, or intermediate jar, No. 2, and 
the outer, No. 1, and innermost jar, No. 3; likewise, let two bell-glasses be 
provided, of such a size as that one of them, (A,) may enter the inner inter- 
stice, while the other, (B,) will cover (A,) and descend into the outer inter- 
stice. Let a wine-glass containing the ether be placed in jar No. 3, and let 
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No. 1 be supplied with green sulphate of iron, the other two with concentrated 
sulphuric acid, and let the bells be put in their respective places. 

Under these circumstances the ether will be gradually vaporized, and the 
alcoholic elements, with some oxygen, will be absorbed by the acid, while 
nitric oxide, being liberated, will pass into the sulphate, and be, consequently, 
absorbed. 

From the new ether my young friend, Mr. Boye, who was, at the time, one 
of my operative pupils, succeeded in evolving alcohol by digestion with slacked 
lime, and subsequent distillation. The lime was found to be in the state of a 
hypo-nitrite, giving a precipitate with the nitrate of silver. 

When, into a bell-glass containing some of the aeriform ether, a globule of 
potassium was introduced, and touched with a red hot knob which formed the 
termination of an iron rod, ignition took place, and the gas seemed to have 
changed its character. I had not, however, leisure to examine it eudiometri- 
cally. There was an odour produced which reminded me both of that of fish 
and soap. 
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